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LLAUNCHING, USING A CAPTURE DEVICE, A
CAPTURE APPLICATION

| CAPTURING, USING THE CAPTURE DEVICE, A |
| TWO-DIMENSIONAL MATRIX CODE ASSOCIATED |
WITH A PANEL COMPONENT

ECODING, BY THE CAPTURE DEVICE, THE TWO-
DIMENSIONAL MATRIX CODE TO RECOVER DATA
| ENCODED WITHIN THE TWO-DIMENSIONAL MATRIX CODE |

| PROVIDING FOR, BY THE CAPTURE DEVICE, 1506
| DISPLAY OF INFORMATION SELECTORS BASED ON |
THE RECOVERED DATA 1508

RECEIVING, BY THE CAPTURE DEVICE, A
SELECTION OF AN INFORMATION SELECTOR 1510

TRANSMITTING, FROM THE CAPTURE DEVICE,

THE SELECTED INFORMATION SELECTOR

1512
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RECEIVING, USING THE CAPTURE DEVICE, :

| INFORMATION ASSOCIATED WITH THE SELECTED
INFORMATION SELECTOR 11514

PROVIDING FOR, USING THE CAPTURE DEVICE, |
PRESENTATION OF THE INFORMATION .
| ASSOCIATED WITH THE SELECTED INFORMATION | 44
SELECTOR

Figure 16
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METHODS AND SYSTEMS FOR USING
TWO-DIMENSIONAL MATRIX CODES
ASSOCIATED WITH PANEL COMPONENT
AND EQUIPMENT INFORMATION AND
QUALITY CONTROL

BACKGROUND

Unless otherwise indicated herein, the elements described
in this section are not prior art to the claims and are not
admuitted to be prior art by inclusion 1n this section.

Electronic control panels and packaged enclosures use
basic wire numbers that are associated with identical tag
numbers depicted 1n drawings or document schedules.
Retrieval of and reference to wire numbers occurs by manu-
ally accessing hard copies or searching for the wire numbers
in an electronic file. The wire number information on a set of
paper drawings can be changed or become obsolete. Changes
and obsolesce can degrade the quality of the control panel.

Past attempts to provide greater immformation on instru-
ments, panels, fabrication plants, and construction sites use
linear bar code tagging on wires and cables. The problem with
the linear bar coding is that the information 1s limited and can
result 1n bar codes being physically too long. These lengthy

bar codes would get bent over time and would cause a bar
code reader to default and not provide accurate information.

SUMMARY

This application describes several example embodiments,
at least some of which pertain to associating two-dimensional
matrix codes with panel components configured for use
within a panel, such as an electronic control panel. At least
some of the example embodiments pertain to capturing a
two-dimensional matrix code associated with a panel com-
ponent and retrieving, from a data storage device, data asso-
ciated with the panel component and the two-dimensional
matrix code.

In one respect, an example embodiment can take the form
ol a method comprising (1) capturing, by a capture device, a
first two-dimensional matrix code associated with a first
panel component, (11) decoding, by the capture device, the
first two-dimensional matrix code to recover first data
encoded within the first two-dimensional matrix code, (i11)
transmitting, from the capture device, at least a portion of the
recovered first data, and (1v) recerving, by the capture device,
second data associated with the first panel component.

In another respect, an example embodiment can take the
form of a method comprising (1) receiving, by a server device
from a capture device that captured a first two-dimensional
matrix code associated with a first panel component, at least
a portion of data encoded within the first two-dimensional
matrix code, (11) retrieving, by the server device, data that 1s
associated with the first panel component, and (111) transmiut-
ting, from the server device to the capture device, the data
associated with the first panel component.

In yet another respect, an example embodiment can take
the form of a method (1) capturing, by a capture device, a
two-dimensional matrix code positioned on a tag or wire label
attached to a signal conductor or panel component, (11) decod-
ing, by the capture device, the two-dimensional matrix code
to recover data encoded within the two-dimensional matrix
code, (111) transmitting, from the capture device, at least a
portion of the recovered data, and (1v) receiving, by the cap-
ture device, data that 1s associated with the signal conductor
or communication mstrument to which the tag is attached.
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These as well as other aspects and advantages will become
apparent to those of ordinary skill 1in the art by reading the
following detailed description, with reference where appro-
priate to the accompanying drawings. Further, i1t should be
understood that the embodiments described in this overview

and elsewhere are itended to be examples only and do not
necessarily limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features will become apparent from the
following description with reference to the accompanying
drawings 1n which:

FIG. 1 1s a block diagram of a system 1n accordance with
one or more example embodiments;

FIG. 2 1s a block diagram showing another example system
in accordance with one or more example embodiments;

FIG. 3 depicts example panel components having two-
dimensional matrix codes;

FIGS. 4 and 5 depict a flowchart showing a set of functions
that can be carried out 1 accordance with one or more
example embodiments;

FIG. 6 1s an 1image of capturing a two-dimensional matrix
code;

FIG. 7 1s an 1image of an example two-dimensional matrix
code displayed by a capture device;

FIG. 8 1s an 1image of capturing a two-dimensional matrix
code;

FIG. 9 1s an1image illustrating an example display device of
an example capture device displaying information selectors
associated with a captured 2D matrix code;

FIG. 10 shows an example screen shot displayable by a
display device of a capture device;

FIG. 11 shows an example screen shot displayable by a
display device of a capture device;

FIG. 12 shows an example display screen including
example data from a data record retrieved from a data storage
device:

FIG. 13 shows an example display screen including an
example electrical schematic drawing retrieved from a data
storage device;

FIG. 14 1s an 1mage of an example printer configured to
print adhesive labels for affixing to panel components;

FIGS. 15 and 16 depict a flowchart showing a set of Tunc-
tions that can be carried out in accordance with one or more
example embodiments;

FIG. 17 shows example content, mnputs and outputs of a
data storage device;

FIG. 18 depicts a flowchart showing a set of functions that
can be carried out in creating labels with two-dimensional
matrix codes:

FIG. 19 depicts a flowchart showing a set of functions for
labeling panel components with labels on panel components;

FIG. 20 1s a flow chart showing example functions for
using a two-dimensional matrix code to aid in the placing of
panel components 1nto a panel;

FIG. 21 1s a flow chart showing example functions for
using two-dimensional matrix code to aid 1n the placing of
wires onto the panel components;

FIG. 22 1s a flow chart showing example functions for
using a two-dimensional matrix code to aid 1n the quality
process and testing of panel wiring and connections;

FIG. 23 15 a flow chart showing an example functions a
plant technician can perform using a two-dimensional matrix
label to obtain wiring information for a panel or panel com-
ponent:
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FIG. 24 1s an 1image that shows an adhesive label material
onto which labels for affixing to terminal block wings have
been printed;

FIG. 25 1s an image that shows example terminal block
wings; and

FIG. 26 1s an image showing a printer provided with a
ribbon of perforated wire labels.

DETAILED DESCRIPTION

I. Introduction

In this description, the articles “a” or “an” are used to
introduce elements of the example embodiments. The intent
of using those articles 1s that there 1s one or more of the
clements. The mtent of using the conjunction “or” within a
described list of at least two terms 1s to indicate any of the
listed terms or any combination of the listed terms. The use of
ordinal numbers such as “first,” “second,” “third” and so on 1s
to distinguish respective elements rather than to denote a
particular order of those elements. The ordinal numbers can
be written in the form of 17, 2”¢, 3"  and so on.

The systems and tlow diagrams shown in the figures are
provided merely as examples and are not mtended to be
limiting. Many of the elements illustrated 1n the figures or
described herein are functional elements that can be 1mple-
mented as discrete or distributed components or in conjunc-
tion with other components, and 1n any suitable combination
and location. Those skilled 1n the art will appreciate that other
arrangements and elements (for example, machines, nter-
faces, functions, orders, or groupings of functions) can be
used instead. Furthermore, various functions described as
being performed by one or more elements can be carried out
by a processor executing computer-readable program nstruc-
tions or by any combination of hardware, firmware, or soft-
ware. Drawing elements having identical numbers in the vari-
ous drawings can be similar or substantially similar elements.

11.

Example System Architecture

FIG. 1 1s a block diagram of a system 100 1n accordance
with one or more example embodiments. System 100
includes a capture device 102, a data storage device 108, a
network 116, a data entry device 126, a server device 128, and
a local device 130. Network 116 can include at least a portion
of the Internet. Capture device 102 can comprise a processor
104, a capture component 105, a data storage device 106, a
user 1interface device 110, and a communication device 112,
all of which can be linked together via a system bus, network,
or other connection mechanism 114.

Capture device 102 can comprise or be arranged as a tablet
device, such as an IPAD tablet or IPHONE produced by
Apple, Inc. of Cupertino, Calif., a smart-phone, such as a
Galaxy S III smart-phone produced by Samsung Electronics
of Suwon, South Korea, or a personal digital assistant (PDA).
Other capture devices operational in system 100 can be
arranged like capture device 102 to request and recerve data
stored at data storage device 108.

Capture component 105 can be arranged to capture images,
such as 1mages of two-dimensional matrix codes, or more
simply “2D matrix codes.” Capture component 105 can com-
prise an 1mage sensor and electrical circuitry to convert a
captured 1mage 1nto data storable 1n data storage device 106.
Capturing 2D matrix codes 1s referenced in FIG. 23, block
2310.

A processor, such as processor 104, can comprise one or
more general purpose processors (for example, INTEL single
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core microprocessors or INTEL multicore microprocessors)
or one or more special purpose processors (for example,
application specific integrated circuits (ASICs) or digital sig-
nal processors (DSPs)). A processor, such as processor 104,
can execute computer-readable program instructions, such as
computer-readable program instructions (CRPI).

A data storage device, such as data storage device 106 or
data storage device 108, can comprise a non-transitory coms-
puter-readable storage medium that 1s readable by a proces-
sor. The computer-readable storage medium can comprise
volatile and/or non-volatile storage components, such as opti-
cal, magnetic, organic or other memory or disc storage, which
can be integrated in whole or 1n part with a processor. A data
storage device may also or alternatively be provided sepa-
rately, as a non-transitory machine readable medium. Data
storage device 106 includes CRPI 125 executable by proces-
sor 104. Data storage device 108 can also include CRPLI.

CRPI 125 can comprise program instructions to decode a
2D matrix code to recover data encoded within the 2D matrix
code. CRPI 125 can comprise program instructions to gener-
ate a message including at least a portion of the recovered
data. Communication device 112 can transmit the message
including the at least a portion of the recovered data to net-
work 116 for transmission, in turn, to data storage device 108
to request data associated with a panel component.

User interface device 110 can comprise any of a variety of
components to present information or to receive user-input.
As an example, user interface device 110 can comprise a
display device, such as a light emitting diode (LED) display
device operable to visually present information, such as infor-
mation associated with a panel component or operator
istructions (see, FIG. 17, block 1718). As another example,
user nterface device 110 can comprise an audio speaker
operable to audibly present information, such as information
associated with a panel component. As yet another example,
user interface device 110 can comprise a haptic device to
provide tactile feedback, such as tactile feedback indicating
connection of two panel components 1s a correct connection
Or an 1ncorrect connection.

User interface device 110 can comprise one or more selec-
tors, such as a touch screen of the display device, a keypad,
button, switch or some other selector. A selector can be used
to enter the user-input received by user interface device 110.
As an example, the user-input can be a selection to capture a
2D matrix code or to send data recovered from a 2D matrix
code to network 116 for retrieving panel component informa-
tion from data storage device 108.

Communication device 112 can comprise an interface to
network 116. The network interface can comprise a transmit-
ter configured to transmit data to network 116 using wired
communication link 118 or wireless communication link 120.
The network interface can comprise a receiver configured to
receive data transmitted from network 116 using wired com-
munication link 118 or wireless communication link 120.

Data storage device 108 can include static panel compo-
nent imformation (SPCI) 122 and dynamically-changeable
panel component information (DPCI) 124. SPCI 122 can
comprise multiple SPCI components, each component asso-
ciated with a panel component and a 2D matrix code. FI1G. 17,
block 1722, identifies examples of SPCI 122. DPCI 124 can
comprise multiple DPCI components, each component asso-
ciated with a panel component and a 2D matrix code. F1G. 17,
block 1710, identifies examples of DPCI 124. A computing
device, such as a server, can execute CRPI to receive the 2D
matrix code associated with a panel component, retrieve the
SPCI or DPCI component(s) associated with that panel
component, and transmit the retrieved SPCI or DPCI compo-
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nent(s) to network 116 for transmission, 1n turn, to a capture
device that captured the 2D matrix code received by the
server. Training information can also be stored within data
storage device 108. See, FIG. 17, block 1714. Additional
examples of data storable 1n data storage device are shown at
FIG. 23, block 2330.

Data entry device 126 can comprise a device for entering,
panel control information for providing to server device 128
or storing within data storage device 108. As an example, data
entry device 126 can comprise a computing device, such as a
desktop or laptop computer. Data entry device 126 can be
used for selecting panel component information to be asso-
ciated with a particular 2D matrix code and particular panel
component. Selecting the panel control information can
include selecting electronic copies of information generated
for constructing a panel or information from a manufacturer
of panel components. Drawings generated for panel construc-
tion or other reasons can include one or more 2D matrix codes
to associate 1items on the drawings with panel components
referenced on the drawings. Data entry device 126 or server
128 can be used to perform the project file creation function
shown 1n FIG. 17 at block 1702. SPCI 122 or DPCI 124
entered using data entry device can be transferred to data
storage device 108 (see, FIG. 17, block 1716).

Server device 128 can comprise a device having a proces-
sor that executes CRPI for carrying out various functions
described herein as being carried out by a server. Those func-
tions include, for example, storing panel component informa-
tion into data storage device 108, receiving requests for panel
control 1nformation from a capture device, retrieving
requested panel control information from data storage device
108, transmitting retrieved panel control information to a
capture device that requested the panel control information,
and generating 2D matrix codes. Server device 128 can com-
prise a desktop or laptop computer. Server device can com-
prise data storage device 108 or a data storage device com-
prising any of the data or information described as being
within data storage device 108.

Local device 130 can comprise a device configured to
communicate with communication device 112 of capture
device 102 using a wireless communication link 132 (such as
an IEEE 802.11 link or a WiF1link) or a wired communication
link (such as a universal serial bus (USB) link). As an
example, local device 130 can comprise a printer configured
to print panel component information provided to capture
device 102. As another example, local device 130 can com-
prise an LED display (such as an LED display configured for
connection to a desktop computer) for displaying panel com-
ponent information provided to capture device 102.

Next, FIG. 2 1s a block diagram showing an example sys-
tem 200 1n accordance with one or more example embodi-
ments. System 200 comprises a panel 202 and panel compo-
nents 204, 206, and 208.

Panel 202 can be arranged as any of a variety of panels. For
example, panel 202 can be arranged as a program logic con-
troller (PLC) panel, a solenoid panel, a marshaling panel, a
machine control console panel, a plant distributed control
system (DSC) control panel, a modular control house, a
power distribution protective relay and control panel, a relay
protection panel, a transformer protection panel, a substation
control panel, a backup power panel, a service station switch-
gear panel, a control console, a remote terminal unit panel, a
revenue metering panel, a transier trip panel, a life safety
monitoring system panel, or a communication and fiber optic
panel. Other example arrangements of panel 202 are also
possible. FIG. 23 shows an example utility breaker panel

2304.
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Panel 202 can be referred to as a control panel, a power
distribution panel, or by some other term describing some
functionality performed by panel component(s) of panel 202.
Panel 202 can be located within one or more other panels.
Additionally or alternatively, panel 202 can comprise one or
more other panels. Panel 202 can comprise an enclosure for
housing panel components, such as panel components 204,
206, 208. Panel 202 can comprise one or more panel compo-
nents outside of the panel.

Panel component 204 can comprise a component specified
for use as part of a control panel. As an example, panel
component 204 can comprise a signal conductor, an insulated
wire, a coaxial cable, a fiber optic cable, a communication
istrument, a relay, a field device, a variable frequency drive,
a PLC, a fuse, a circuit breaker, a conductor terminal, a
transformer, a switchgear component, a power supply (such
as a 120 VAC to 24 VDC power supply), a PLC fused sinking
32 point output module, a PLC sourcing input module, a PLC
chassis, a breaker failure relay, a breaker protection relay, an
IED, an Ethernet cable, an Ethernet switch with fiber optic
connections, an RS232 media convertor, an RS485 protocol
convertor, a control breaker rotary switch, a lockout relay, a
PLC redundancy communication module, a 75 ohm termina-
tor plug, a PLC fiber optic repeater, a current ammeter, a
current differential relay, a cutofl switch, a DynaStar frame
relay, firewall, an LED message display, a PLC Modbus mas-
ter/slave communication module, a power meter, a re-closer
relay, a re-closing cutoil switch, a satellite clock, a test switch

type FT-19R, apower line carrier, an RTU, an RTU WESDAC
D.20 communication interface, a D20 RTU, a D400 RTU, a
distance protection relay, an RTU fiber driver, a battery, a
battery charger, Panduit, a hi-current fuse, an AC circuit
breaker, a pilot light, a pushbutton, a pressure switch, an I/P
transducer, a control valve, a pneumatic regulator, a pressure
regulator, a bulkhead fitting, a temperature transmaitter, a sig-
nal 1solator, a signal repeater, or some other panel component.

Panel component 206, panel component 208, or some other
panel component(s) can be arranged like panel component
204. In that regard, the foregoing description of panel com-
ponent 204 can be applicable to panel component 206, panel

component 208, or some other panel component(s).

Panel 202 comprises a 2D matrix code 210. Panel compo-
nents 204, 206, and 208, comprise 2D matrix codes 212, 214,
and 216, respectively. A 2D matrix code can comprise a
multi-dimension code, such as a 2D (2D) code. As an
example, a 2D matrix code can comprise a Quick Response
(QR) code, an Aztec code, a high capacity color barcode
(HCCB) code, or some other 2D matrix code.

A 2D matrix code, such as 2D matrix codes 210, 212, 214,
or 216, can be attached to a panel component using any of a
variety of methods. For example, the 2D matrix code can be
attached to the panel component by attaching a tag with a 2D
matrix code to the panel component. The 2D matrix code can
be printed on the tag. The 2D matrix code can be etched into
the tag. The 2D matrix code can be affixed to the tag using an
adhesive. In that regard, the tag can be printed on a material
(e.g., paper or foil) having an adhesive backing. The tag can
be removably attachable to the panel component. As another
example, the 2D matrix code can be printed on, etched into, or
ailixed to the panel component without a tag.

A 2D matrix code can comprise a static 2D matrix code.
Each static 2D matrix code can be associated with the static
panel component mformation (SPCI) 122 or dynamically-
changeable panel component information (DPCI) 124. A 2D
matrix code can be encoded with information, recoverable by
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data capture device 102, to request SPCI 122 or DPCI 124
associated with a panel component tagged with the 2D matrix

code.

Next, FI1G. 3 depicts example panel components having 2D
matrix codes. The panel components shown 1n FIG. 3 include
a terminal block 302 and conductors 308 and 316. Conductors
308 and 316 can comprise 1nsulated copper wires or some
other type of conductor. The terminal block 302 includes
terminal connectors 304, 320, 326, 328 and eighteen other
terminal connectors. A terminal 306 attached to conductor
308 1s removably attached at terminal connector 304. Simi-
larly, a terminal 322 attached to conductor 316 1s removably
attached at terminal conductor 320. Terminal block 302
includes a terminal 330 to connect similar conductors as those
connected to connector terminals 304 and 320.

A conductor tag 310 having 2D matrix code 312 1s associ-
ated with conductor 308. Similarly, a conductor tag 318 hav-
ing 2D matrix code 324 1s associated with conductor 316.
Conductor tags 310 and 318 can comprise a wire label, a heat
shrink tube or some other tube that surrounds a portion of
conductors 308 and 316, respectively. 2D matrix codes 312
and 324 can be printed onto conductor tags 310 and 318,
respectively. As shown 1n FIG. 3, the 2D matrix codes 312 and
324 are located substantially close to a point of signal termi-
nation.

FIG. 26 1s an image 2600 showing a printer 2602 provided
with a ribbon of perforated wire labels 2606. Printer 2602 can
be provided with a label file including data for printing 2D
matrix codes, such as 2D matrix code 2608, onto a wire label
2606. As an example, printer 2602 can comprise a BP-PR300
Plus printer provided by Brady Corporation, Milwaukee,
Wis. Printer 2602 can be connected to a computing device,
such as data entry device 126 or server 128, directly or using
network 116 to recerve the label files including data for print-
ing 2D matrix codes. Printing the 2D matrix codes onto the
wire labels based on the label files provide for permanent,
reliable and consistent reading of the 2D matrix codes using,
a capture device.

Terminal block 302 includes 2D matrix code 314. The
SPCI 122 can include imnformation associated with 2D matrix
code 314 such as anidentifier of a manufacturer that produced
terminal block 302 or a position of terminal connectors 326
and 328. The DPCI 124 can include information associated
with 2D matrix code 314 such information that identifies a
conductor to be connected to terminal connector 326 and a
conductor to be connected to connector 328.

I1I. Example Operation

FIGS. 4 and 5 depict a tlowchart showing a set of functions
400 (or more simply, “the set 400°”) that can be carried out 1n
accordance with one or more example embodiments
described herein. The functions of the set 400 are shown
within blocks labeled with even numbers between 402 and
418, inclusive. Each function of the set 400 can be performed
by an element or a combination of elements of system 100. A
person having ordinary skill in the art will understand that the
capture device referred to 1n set 400 can be any capture device
described herein. For purposes of describing the set 400,
however, that capture device 1s referred to capture device 102.

Block 402 includes capturing, by a capture device 102, a
first 2D matrix code associated with a first panel component.
The first 2D matrix code can comprise a quick response (QR)
code or another type of multi-dimension 2D matrix code. The
first panel component can, for example, comprise any of the
panel components 1dentified 1n this description. Capturing the
first 2D matrix code can include capture component 1035
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capturing an 1image of the first 2D matrix code. Capture com-
ponent 105 can provide the image of the first 2D matrix code
for storage within data storage device 106.

Next, block 404 includes decoding, by the capture device
102, the first 2D matrix code to recover first data encoded
within the first 2D matrix code. Decoding the first 2D matrix
code can comprise processor 104 executing program instruc-
tions of CRPI 123 to decode the first 2D matrix code. In one
respect, decoding the first 2D matrix code can occur auto-
matically in response to capturing of the first 2D matrix code.
In another respect, decoding the first 2D matrix code can
occur 1n response to user interface device 110 being used to
enter a selection to decode the first 2D matrix code. Other
examples of events that trigger decoding the first 2D matrix
code are also possible.

The data recovered from a 2D matrix code can include an
identifier or address of a computing device that can retrieve
data associated with a panel component from data storage
device 108 or information 1dentitying the panel component.
Additionally or alternatively, data storage device 106 can
store the 1dentifier or address of a computing device that can
retrieve data associated with a panel component from data
storage device 108 such that a 2D matrix codes associated
with the panel components do not have to include the 1denti-
fier or address.

Next, block 406 includes transmitting, from the capture
device 102, at least a portion of the recovered first data.
Transmitting the at least a portion of the recovered first data
can include processor 104 executing program instructions of
CRPI 125 to cause communication device 112 to transmit the
at least a portion of the recovered first data to network 116
using at least one of wired communication link 118 and
wireless communication link 120 for transmission to a com-
puting device that can retrieve information associated with
the first panel component associated with the first 2D matrix
code. As an example, the at least a portion of the recovered
first data can comprise a uniform resource locator (URL)
from which panel component information, associated with
the 2D matrix code, can be retrieved. FIG. 10 shows an
example URL 1002 that can be encoded within a 2D matrix
code.

Transmitting the at least a portion of the data recovered
from a 2D matrix code can include transmitting all of the
recovered data. On the other hand, processor 104 can execute
program instructions of CRPI 125 to select which portion less
than all of the recovered data 1s transmitted. Selection of the
portion of the recovered matrix data can be determined in
response to use of user interface device 110 to receive a
selection of the portion of the recovered data. As an example,
the recovered data can identity multiple types of information
associated with the first panel component that can be retrieved
from data storage device 108, such as a test plan, an electrical
wiring schematic, and an owner’s manual. User interface
device 110 can visually present the list and receive a selection
of some or all of the mformation identified in the list for
requesting from data storage device 108.

Next, block 408 includes recerving, by the capture device
102, second data associated with the first panel component.
Receiving the second data can comprise communication
device 112 recerwving second data that 1s transmitted over
network 116. In that regard, receiving the second data can
include recerving the second data using wired communica-
tion link 118 or wireless communication link 120. Upon,
during, or after receiving the second data, communication
device 112 can transmit the received second data to one or
more elements of capture device 112, such as processor 104,
data storage device 106, or user interface device 110.
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As an example, the second data can comprise an operation
manual, an electrical wiring schematic, a product specifica-
tion, a test plan, a video file, an audio file, or some portion of
one or more of those associated data. The second data can
include or accompany data indicating the capture device 102
1s a destination for the second data. Some or all of the second
data can be encrypted. Processor 102 can execute CRPI1125to
decrypt second data that 1s encrypted.

Next, block 410 includes capturing, by the capture device
102, a second 2D matrix code associated with a second panel
component. The second 2D matrix code can comprise a quick
response (QR) code or another type of multi-dimension 2D
matrix code. The second panel component can, for example,
comprise any of the panel components identified in this
description. Capturing the second 2D matrix code can include
capture component 105 capturing an image of the second 2D
matrix code. Capture component 105 can provide the image
of the second 2D matrix code for storage within data storage
device 106.

Next, block 412 includes decoding, by the capture device
102, the second 2D matrix code to recover third data encoded
within the second 2D matrix code. Decoding the second 2D
matrix code can comprise processor 104 executing program
instructions of CRPI 125 to decode the second 2D matrix
code. In one respect, decoding the second 2D matrix code can
occur automatically 1n response to capturing of the second 2D
matrix code. In another respect, decoding the second 2D
matrix code can occur in response to user intertace device 110
being used to enter a selection to decode the second 2D matrix
code. Other examples of events that trigger decoding the
second 2D matrix code are also possible.

Turning to FIG. 5, block 414 includes transmitting, from
the captured device 102, at least a portion of the recovered
third data. Transmitting the at least a portion of the recovered
third data can include processor 104 executing program
instructions of CRPI 123 to cause communication device 112
to transmit the at least a portion of the recovered third data to
network 116 using at least one of wired communication link
118 and wireless communication link 120 for transmission to
a computing device that can retrieve information associated
with the second panel component associated with the second
2D matrix code.

Next, block 416 includes receiving, by the capture device
102, fourth data. Receiving the fourth data can comprise
communication device 112 receiving fourth data that 1s trans-
mitted over network 116. In that regard, recerving the fourth
data can include receiving the fourth data using wired com-
munication link 118 or wireless communication link 120.
Upon, during, or after recerving the fourth data, communica-
tion device 112 can transmit the recerved fourth data to one or
more elements of capture device 112, such as processor 104,
data storage device 106, or user interface device 110.

The fourth data can comprise data associated with the
second panel component. As an example, the data associated
with the second panel component can comprise an operation
manual, an electrical wiring schematic, a product specifica-
tion, a test plan, a video file, an audio file, a training video, an
operating procedure (such as a standard operating proce-
dure), a quality manual, safety procedures, a material safety
data sheet, an arc-flash safety warning, functional require-
ment specifications, a user requirement specification, a vali-
dation certificate, a material verification data sheet, a detail
data specification, an ISA strument sheet, an instrument
calibration sheet, an istrument calibration procedure, a fac-
tory acceptance test plan, a site acceptance test plan, an end-
to-end operational test, disturbance monitoring and fault data,

a COMTRADFE file, IEFE (C37.111 standards, a national
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clectric code, a hazardous area classification warning, or
some portion of one or more of those associated data. The

fourth data can include or accompany data indicating the
capture device 102 1s a destination for the fourth data. Some
or all of the fourth data can be encrypted. Processor 102 can
execute CRPI 125 to decrypt fourth data that 1s encrypted.

Next, block 418 includes presenting, by the capture device
102, an indication of the fourth data. Presenting the indication
of the fourth data can comprise user interface device 110
visually, audibly, or haptically presenting the indication of the
fourth data. As an example, the fourth data can indicate con-
nection of the first panel component to the second panel
component 1s a correct connection. As another example, the
fourth data can indicate connection of the first panel compo-
nent to the second panel component 1s an 1mcorrect connec-
tion. If the fourth data indicates an incorrect connection, the
fourth data can also include data indicating correct connec-
tions for the first panel component or the second panel com-
ponent.

IV. Example Data Matrix Code Creation

A person having ordinary skill 1in the art will understand
that one or more of the example embodiments can be used
with a one-dimensional bar code, such as a standard code 39
bar code 1nstead of a 2D matrix code. For instance, for some
panel components, typically panel components to or on which
a large (such as a 4 inch by 4 inch) panel component label can
be attached, a standard code 39 barcode label could be used 1n
addition to or 1n alternative to a 2D matrix code.

With the goal of encoding an increased amount of infor-
mation into a code associated with a panel component, the
s1ze ol a standard code 39 bar code can become too large to
apply to relatively smaller panel component tags and labels.
2D matrix codes allow for encoding the increased amount of
information and for applying to the relatively smaller panel
component tags and labels. As an example, using a 2D matrix
code, a 2 inch panel label provides for placement of about 20
alphanumerical characters on the label 1n addition to the 2D
matrix code. As another example, using a 2D matrix code, a
larger front panel label provides for placement of about 100
alphanumerical characters on the label 1n addition to the 2D
matrix code.

As an example, a 2D matrnix code, such as an electronic QR
code file, can be created using a combination of multiple
inputs and operator activities (see, FIG. 17, block 1706)
When a Project Site 1s created 1n a Document Management
System (DMS), such as SharePoint, a URL can be created to
locate an mnitial Welcoming Page that contains all the indi-
vidual documents, records, library, data, etc. for the project
(see, FI1G. 17, data storage device (108) and block 1708). An
administrator o the Project Site within the DMS then imitates
a Worktlow Task which creates a database specifically used to
hold Electronic copies of the 2D matrix codes generated for
that specific Welcoming Page as well as any other 2D matrix
code that 1s to be created later 1n that project.

2D matrix codes can comprise codes having black and
white “cells” or modules commonly called Data Matrix Code
or QR Code and can be used for data input onto a printed label
or tag. The 2D data code can be used for printing onto a label
or tag. Common identifiers of the printed 2D data code can

include, but are not limited to, wire numbers, equipment
identifiers, and related associated stored documents and
records.

Creating the 2D data code can be a batch process, which

can be automated by the use of a compiled computer code
such as Basic, “Visual C,” VB Basic, or SharePoint’s Work-
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flow. The individual creation process uses a Document Man-
agement and Record system such as Microsoit Corporation’s
SharePoint. Inputs for creating a 2D data code can include,
but are not limited to, the following mputs: (1) PDF files, (11)
Data Matrix Code Identifier 2D matrix file (2Dimensional
Codes such as QR and Matrix Codes), (111) AutoCAD Draw-
ing files, (1v) MS Word Documents, (v) MS Excel Spread
sheets, (vi) MS SQL Server Database, or (vi1) computer code
for a specific application 1n a file and document format. These
example inputs can describe 1tems such as, but not limited to,
(1) purchase orders, (1) ISA calibration and data sheets, (111)
functional requirement specifications (FRS) & sequence of
operations, (111) project plan Gantt chart, (1v) operator and
maintenance manuals, or (v) training video files.

Once a typical electronic file 1s placed into the DMS, such
as SharePoint, the document location has a location 1dentifier
called a URL code and sometimes commonly 1dentifies as a
WEB page location. The document 1s now located in the DMS
server as a WEB address. The DMS, such as SharePoint, can
allow these documents to be combined 1n to sites, using site
pages, libraries, workilow tasks, links and other workspaces.
A project, once 1t 1s created by either Manufacturing or Engi-
neering, can create a Site Web Project Page with a “Flash
Page” sometimes called the “Welcoming Page” for that
Project in the DMS. That page 1s accessible using the URL
and then 1s transferred to the data base that 1s to be used to
create an Electronic 2D Matrnix Code (see, FIG. 17, block
1706). The encoded 2D Matrix Code includes the Hyperlink
URL address as a printed and readable component of the 2D
Code.

In addition other documents such as a list of wire label
numbers from the AutoCAD database or from a Spread sheet
1s stored 1n the DMS. These lists also have a URL that can then
be used to create an electronic 2D matrix code.

Creating a specific 2D matrix code can be mnitiated by an
operator of the 2D matrix code label or tag printer. The opera-
tor can 1nitiate the batch process and 1dentily the items to be
printed. The batch code using the software described above
then obtains the web address (URL) of the document 1n the
DMS to be coded 1n the Label. The Electronic QR or Data
Matrix Code 1s created. If a string of values are also to be
added to the Label, the batch process then obtains the Share-
Point Document with the values such as from a Spreadsheet
and then 1ncludes these values, one at a time or 1n groups, as
required on to the Printed Label. The printer operator con-
firms that the correct information has been obtain by the
program from SharePoint and then allows the printer to batch
print the 2D Matrix or QR Code Labels using the printer
manufacturer’s printing soitware.

After creation, the label file(s) can be stored electronically
or otherwise 1n the DMS as a part of a document record for use
as a search feature 1 the DMS as a metadata point or some
other form of advance search criteria. In particular, the label
file information can be stored electronically or otherwise 1n
data storage device 108 until it 1s ready to be sent to a program
to create and print a 2D matrix code. For instance, the label
file information can be created and placed into a relational
database using the data from an electronic file just before 1t 1s
sent to the matrix code creation software for data formatting
into the actual process of printing or etching. Storage of the
label file(s) can depend on the software used to generate the
2D matrix code. The label file(s) can be stored as objects
including, but not limited to, a picture, a JPG file, a label
matrix code file, or a label identifier.

The relational database, storable within data storage device
108, can have information fields of which one 1s an index
key-field. Once a value 1s assigned to any index key-field, that
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value typically does not change. At the same time, it 1S pos-
sible to create an electronic copy of the matrix code squares as
a JPG file. The JPG or other formatted picture file can then be
transierred as an object to a printer or laser etcher as any other
object 1s transferred to one of those devices. In accordance
with some embodiments, the JPG or other picture file of the
2D matrix code 1s not stored for further use after printing or
etching the 2D matrix code. In other example embodiments,
the JPG or other picture file of the 2D matrix code can be
stored electronically or otherwise for further use after print-
ing or etching the 2D matrix code.

V. Example Label Creation

FIG. 18 depicts a flowchart showing a set of functions 1800
(or more simply, “the set 1800”) that can be carried out 1n
accordance with one or more example embodiments

described herein to create labels with 2D matrix codes. The
functions of the set 1800 are shown within blocks labeled
with even numbers between 1802 and 1806, inclusive. Each
function of the set 1800 can be performed by an element or a
combination of elements of system 100.

Block 1802 includes mputting information to server. As an
example, using data entry device 126, a user can input infor-
mation such as the information 1tems 1808 shown 1n FIG. 18
or some other information. Data entry device 126 can trans-
mit the information to server device 128 for subsequent stor-
age within data storage device 108, or directly to data storage
device 108.

Block 1804 includes processing the mmput information.
Processing the input information can be carried out by server
device 128. Processing the mput mformation can include
associating the input information with a 2D matrix code and
a panel component to which the input information 1s appli-
cable. Some 1mput information, such as an operation and
maintenance manual URL, can be associated with multiple
panel components.

Block 1806 includes selecting a label type and transmitting,
label data to a label-production device. As shown in FIG. 18,
the label production device can comprise a printer, such as
printer 1810 or 1812. As an example, printer 1810 can be
configured to produce labels and tags with 2D matrix codes
(such as 2D matrnix codes 312, 314, and 324). As another
example, printer 1812 can be configured to produce labels
and tags for equipment with 2D matrix codes (such as matrix
codes 210, 212, 214, and 216).

FIG. 14 shows an 1image 1400 of an example printer 1402
configured to print adhesive labels for affixing to panel com-
ponents. FIG. 14 also shows example labels 1404, 1406, and
1408. Each of those labels includes a respective 2D matrix
code and an alphanumeric identifier. As an example, labels
1404, 1406, and 1408 can be printed for aflixing to panel
components such as a relay or conductors configured for
connection to the relay. Printer 1810 or printer 1812 can be
configured like printer 1402 or to print labels like labels 1404,
1406, and 1408. Transmitting label data to the label produc-
tion device can include transmitting label data for multiple
labels so that multiple labels can be produced 1n a single
batch. See, F1G. 17, block 1718 for creating data instructions
for printer to print labels that are delivered in block 1720 to
technicians.

Selecting a label type at block 1806 can include selecting
label etching. In that regard, transmitting the label data to the
label production device can include transmitting the label
data to an etching device configured to etch 2D matrix codes
into panel components.
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FIG. 24 1s an 1image 2400 that shows an adhesive label
material 2402 onto which labels for aflixing to terminal block
wings have been printed. A terminal block wing 1s configured

for attaching to a terminal block, such as terminal block 302
shown 1n FIG. 3 or terminal blocks 812, 814, or 816 shown 1n
FIG. 8. FIG. 25 1s an image 2500 that shows terminal block
wings 2502 and 2504.

A label 2506, obtained from label material 2402 and hav-
ing 2D matrix codes 2406 and 2408, 1s affixed to terminal
block wing 2502. Label 2506 includes terminal numbers,
such as 1 through 12, and color abbreviations, such as BK, R,
BU, O, and Y, indicating the color of msulators surrounding
conductors to be attached at the respective terminal number.
Label 2508 includes terminal numbers, such as 1 through 12,
and color abbreviations, such as BK, R, BU, 0, and Y, indi-
cating the color of insulators surrounding conductors to be
attached at the respective terminal number. A label 2508,
obtained from label material 2402 and having alphanumeric
descriptors 2412 and 2414, 1s aifixed to terminal block wing
2504. Labels having a 2D matrix code 2404 and alphanu-
meric descriptor 2410 have also been printed onto label mate-
rial 2402. In an alternative arrangement, some or all of the
information on label 2506 (including 2D matric codes 2406
and 2408), information on label 2508, or some other infor-

mation can be etched into a terminal block wing 2502 or
2504.

V1. Example Labeling

Next, FIG. 19 depicts a flowchart showing a set of func-
tions 1900 (or more simply “the set 1900 that can be carried
out to label panel components with labels having 2D matrix
codes associated with panel component information. The
functions of the set 1900 are shown within blocks labeled
with even numbers between 1902 and 1908, inclusive. One or
more functions of the set 1900 can be performed to any of a
variety of panel component or field component.

Block 1902 includes placing a 2D matrix code label on a
panel. As an example, a label or tag with 2D matrix code 210
can be placed upon a panel 202. Next, block 1904 includes
placing a label or tag with a 2D matrix code on each insulated
end-portion of panel components such as cables and wires. As
an example, labels or tags 312 and 324 can be placed on the
insulated end-portion of conductors 308 and 316, respec-
tively. Next, block 1906 includes placing a label or tag with a
2D matrix code on a panel component or field component. As
an example, labels or tags with 2D matrix codes 212,214, and
216, can be placed on panel components, 204, 206, and 208,
respectively. Placing a label or tag with a 2D matrix code on
a field device can include placing the label or tag on a device
such as a field installed device 2328 (shown 1n FIG. 23). Next,
block 1908 includes placing a label or tag with a 2D matrix
code on any other item specified by construction plans or
standard operating procedure of an entity constructing the
panel.

VII. Example Panel Construction

FIG. 20 depicts a flow chart showing a set of functions
2000 (or more simply, “the set 2000°”) for using a two-dimen-
sional matrix code to aid in the placing of panel components

into a panel. The functions of the set 2000 are shown within
blocks labeled with even numbers between 2002 and 2020,

inclusive.
Block 2002 includes reading or capturing, using capture
device 102, a 2D matrix code on a panel or panel component,

such as one of 2D matrix codes 210 through 216. Block 2004
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includes displaying, using capture device 102 or user inter-
face device 110, selections associated with the 2D matrix

code captured at block 2002 and received from data storage
device 108. Data storage device 108 can provide the selec-
tions 1n response to receiving at least a portion of data
encoded within the captured 2D matrix code. The information
selections can comprise selections to receive information
regarding the panel or panel component associated with the
captured 2D matrix code.

Block 2006 includes recerving a selection option to display
or print a panel component drawing. The panel component
drawing can 1nclude information pertaining to istalling the
panel component within or to the panel. If the displaying of
the panel component drawing 1s selected at block 2006, con-
tinuing at block 2008, user interface device 110, capture
device 102 orlocal device 130, displays the panel component
drawing. If the printing of the panel component drawing 1s
selected at block 2006, continuing at block 2010, local device
130, prints the panel component drawing provided by capture
device 102. Selecting both the print and display options can
occur. Block 2012 includes proceeding to panel construction.

Block 2014 includes displaying the panel component
drawing using user 1nterface device 110, capture device 102
or local device 130 or using the printed panel component
drawing to guide placement of and securing of panel compo-
nents within or to the panel.

Block 2016 includes securing (for example, connecting or
attaching) panel equipment or component to the panel being
constructed. Block 2018 includes determining whether all
panel equipment or components are secured to the panel. IT
additional panel equipment or panel components are to be
secured to the panel, the set 2000 can continue at block 2014
for a next panel component or equipment. After determining
all panel equipment or components are secured to the panel at
block 2018, at block 2020, capture device 102 can provide for
comparison of 2D matrix codes on the panel, on the panel
components, and printed drawings to confirm the panel com-
ponents are properly secured within or to the panel. Alterna-
tively, that comparison can occur for select components prior
to securing all panel equipment or components within or to
the panel.

VIII. Example Wire Construction

FIG. 21 depicts a flow chart showing a set of functions
2100 (or more simply, “the set 2100”) for using two-dimen-
s1ional matrix code to aid in the placing of wires onto the panel
components. The functions of the set 2100 are shown within
blocks labeled with even numbers between 2102 and 2120,
inclusive.

Block 2102 includes reading or capturing, using capture
device 102, a 2D matrix code on a panel or panel component,
such as one of 2D matrix codes 210 through 216. Block 2104
includes displaying, using capture device 102 or user inter-
face device 110, selections associated with the 2D matrix
code captured at block 2102 and recerved from data storage
device 108. Data storage device 108 can provide the selec-
tions 1n response to receiving at least a portion of data
encoded within the captured 2D matrix code. The information
selections can comprise selections to receive information
regarding the panel or panel component associated with the
captured 2D matrix code.

Block 2106 includes recerving a selection option to display
or print a panel component drawing. The panel component
drawing can 1nclude information pertaining to mstalling the
panel component within or to the panel. If the displaying of
the panel wiring point-to-point drawing 1s selected at block
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2106, continuing at block 2108, user interface device 110,
capture device 102 or local device 130, displays the panel
wiring point-to-point drawing. If the printing of the panel
wiring point-to-point drawing is selected at block 2106, con-
tinuing at block 2110, local device 130, prints the panel
wiring point-to-point drawing provided by capture device
102. Selecting both the print and display options can occur.
Block 2112 includes proceeding to panel wiring construction.

Block 2114 includes displaying the panel wiring point-to-
point using user interface device 110, capture device 102 or
local device 130 or using the printed panel wiring point-to-
point to guide wiring of panel components and equipment to
termination points within the panel.

Block 2116 includes securing (for example, connecting or
attaching) wiring on or to a terminal point of the panel equip-
ment or component. Block 2118 includes determiming
whether all panel equipment or component wiring is installed
within the panel. If additional panel equipment or panel com-
ponent wiring 1s to be istalled, the set 2100 can continue at
block 2114 for a next panel component or equipment wiring,
to be connected to terminal points. After determining all panel
equipment or component wiring 1s installed within the panel
at block 2118, at block 2120, capture device 102 can provide
for comparison of 2D matrix codes on the panel, on the panel
component wiring, and printed drawings to confirm the panel
component wiring 1s properly connected within or to the
panel. Alternatively, that comparison can occur for select
component wiring prior to mstalling all panel equipment or
component wiring within or to the panel.

IX. Example Quality Assurance (QA) and Quality
Control (QC)

FIG. 22 depicts a flow chart showing a set of functions
2200 (or more simply, “the set 2200”") for using a two-dimen-
sional matrix code to aid in the quality process and testing of
panel wiring and connections. The functions of the set 2200
are shown within blocks labeled with even numbers between
2202 and 2230, inclusive.

Block 2202 includes reading or capturing, using capture
device 102, a 2D matrnix code associated with a panel com-
ponent or equipment. The 2D matrix code, such as 2D matrix
code 210 on panel 202 shown 1n FIG. 2, can 1dentily a par-
ticular panel, portion of a panel, or panel component.

Block 2204 includes displaying, using user interface
device 110 or capture device 102, selections of information
and options associated with the captured 2D matrix code that
can be downloaded from data storage device 108. As an
example, the displayed selections and options can include an
option to display a QA or QC mode pertaining to panel wiring
point-to-point drawing. Block 2206 includes selecting to dis-
play the QA/QC mode. Local device 130 can display the
information and options displayable using user device 110.

Block 2208 includes displaying, using user interface
device 110 or capture device 102, a panel wiring drawing and
QA/QC test plan. The test plan can be associated with the
panel or panel components associated with the 2D matrix
code captured at block 2202. Block 2210 includes processing
to a construction QA/QC step. The construction step can be
the nitial construction of the panel or subsequent construc-
tion activity, such as rebuilding or updating the panel.

Block 2212 includes using capture device 102 and the
retrieved QA/QC test plan to confirm proper connection of
two panel components or to determine improper connection
of those two panel components.

Block 2214 includes displaying, using the capture device
102, a 2D matrix code captured from a first panel component,
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such as a 2D matrix code on a conductor to be connected or
connected to the first panel component.

Block 2216 includes displaying, using the capture device
102, a 2D matrix code captured from a second panel compo-
nent, such as a 2D matrix code on a conductor to be connected
or connected to the first panel component.

Block 2218 includes providing, using capture device 102,
a signal (for example, visual, audible, or haptic) indicating
whether a conductor (for example, a copper wire or fiber optic
cable) 1s connected to the proper panel component or equip-
ment terminal and matches a drawing or electronic file defin-
ing connection of the panel component and conductor. Pro-
cessor 104 can execute program instructions of CRPI 125 to
make a comparison of 2D matrix codes, or data encoded
therein, associated with the conductor and panel component.
Alternatively, server device 128 or another computing device
can make the comparison and inform capture device 102 an
outcome of the comparison. The comparison can reduce or
climinate erroneous panel component and conductor connec-
tions.

In an example panel, panel components, such as equipment
and wires, can be associated with a 2D matrix code. The
associated 2D matrix code can be located on a label or tag
attached or affixed to the panel component. For example,
wires, cables and other connection items can have 2D matrix
code labels. Each individual wire can have a specific 2D
matrix code wire label including data such as, but not limited
to, a wire number, a panel URL web address, an 1dentifier, or
other information as needed. The information on the label or
encoded within the 2D matrix code can be displayed using
capture device 102.

The DMS at data storage device 108 can store data acces-
sible by a URL address and an identifier, such as a wire
number. For instance, a data spreadsheet can have or be asso-
ciated with a WEB address or URL to locate that specific
spreadsheet and view each field of the spreadsheet/database
containing a wire number. The wire number can be related to
an AutoCAD data base identifying an equipment ID and
wires connected to that terminal block as listed 1n a point-to-
point wiring diagram.

Using a Workilow task and incorporating the Worktlow
into the Wiring QA/QC Test Plan, a Worktlow process 1s used
to make comparisons between the drawings and the installed
wires. When the Wiring QA/QC test plan 1s activated in
SharePoint, each test of the process 1s mitiated. This 1s an
interactive activity.

A quality technician starts the QA/QC wiring test plan
using the capture device to retrieve a test plan document.
After some 1nitial administrative activities such as login and
other items, the first instruction is presented to the quality
technician. The quality technician scans a major equipment
matrix tag to confirm that the panel and the test plan are the
correct quality components. When the imformation 1s com-
pared 1n the workflow, an audible or visual indicator 1s pre-
sented to the quality technician. This information can be
recorded 1n the SharePoint database. The next page of the
QA/QC Winng test plan 1s displayed.

The quality technician can scan a 2D matrix code 1n the
panel or on the panel component and then a 2D matrix code
corresponding to a terminal block wire label. If the two
scanned 2D matrix codes match, data indicating a successiul
comparison can be recorded 1n data storage device 108. Fur-
thermore, an audible or visual indicator can be provided by
capture device 102 to prompt the quality technician to go to
the next terminal block and panel component. This can con-
tinue until all the wires are compared as listed 1n the wiring,
test plan.
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If the two scanned 2D matrix codes do not match, capture
device 102 can provide a different audible or visual indicator
to prompt the quality technician to retest the last point. I1 the
test still fails, the failed data point can be placed into an
exception database and the test moves on to the next test point.

Block 2220 includes storing or recording, using capture
device 102, server device 128, or data storage device 108,
inconstancy or exception and potential repair list 1f compari-
son made at block 2218 indicates the 2D matrix codes for the
two panel components do not match or otherwise indicates
the connection of the two panel components are improperly
connected.

Block 2222 includes storing or recording using capture
device 102, server device 128, or data storage device 108, a
result of a performing a test of the QA/QC wiring test plan.
Block 2222 can be performed after the comparison made at
block 2218 indicates the 2D matrix codes for the two panel
components match or otherwise indicates the connection of
the two panel components are properly connected. Block
2222 can also be performed after performance of block 2220.

Block 2224 includes determining 11 all panel components
(for example, wires and equipment) covered by QA/QC wir-
ing test have been tested or all respective tests within QA/QC
wiring test have been tested. Processor 104 can execute CRPI
to make that determination. If the determination of block
2224 1s no, the set 2200 can continue at block 2226 to cause
capture device 102 to provide a prompt for the next panel
component or test of the QA/QC wiring test 1s to be per-
formed.

If the determination of block 2224 1s yes, the set 2200 can
continue at blocks 2228 and 2230. Block 2228 includes
recording, using server device 128 or data storage device 108,
a record of all the tests and the test results. In an alternative
arrangement, records and test results for some, but not all
tests, can be provided to server device 128 or data storage
device 108 at any one time, such that the complete final record
1s sent via multiple transmission to the server device 128 or
data storage device 108, preferably until a 100% correct pass-
ing report 1s generated. That record or test results can be
accessed by a capture device. Block 2230 includes creating
and storing, using server device 128 or data storage device
108, an exception report to note the connections to be cor-
rected and retested. Once corrected, the QA/QC wiring test

can be conducted 1n its entirety or just the correction compo-
nents according to the QA SOP for that panel.

X. Example Field Operation

A panel can be described as having a product life cycle with
multiple stages. The multiple stages can, for example, include
a design stage, a construction stage, an operating stage, and an
end-of-life stage. The example embodiments can be appli-
cable for use during one or more of the multiple stages. This
section describes functions having at least some relevance to
at least the operating stage.

During the operating stage, a panel may be positioned at
location at which the panel 1s placed into operation for 1ts
intended purpose, such as power distribution panel being
positioned at an o1l refinery and a control panel being posi-
tioned at an automobile manufacturing plant. Operating the
panel at that location may be referred to as operating the panel
“in the field.” An operating location can, but is not required to
be, different than the location at which the panel 1s con-
structed. Some panels are mobile such that the panels are
operational while the panel 1s in motion. Mobile panels can
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include a battery or some other power supply to provide
operating power to the panel. Panels can be operational dur-
ing the construction stage.

A person, such as a plant technician, may need or desire to
obtain mnformation, such as wiring details, regarding a panel
or a component of the panel at the operating location. Such
information may be needed to operate, service, maintain or
repair the panel or some panel component therefrom.

FIGS. 15 and 16 depict a tlowchart showing a set of func-
tions 1500 (or more simply, “the set 1500”) that can be carried
out 1 accordance with one or more example embodiments
described herein. The functions of the set 1500 are shown
within blocks labeled with even numbers between 1502 and
1516, inclusive. Each function of the set 1500 can be per-
formed by an element or a combination of elements of system
100. A person having ordinary skill 1n the art will understand
that the capture device referred to 1 set 1500 can be any
capture device described herein. For purposes of describing
the set 1500, however, that capture device 1s referred to cap-
ture device 102.

Block 1502 includes launching, using a capture device, a
capture application. The capture application can comprise
program 1nstructions of CRPI 125. Launching the capture
application can include using user interface device 110 to
select the capture application and processor 104 executing the
program 1instructions arranged as the capture application.
FIG. 11 shows an example screen shot 1100 a display device
of user interface device 110 can display to prompt entry of
credentials to login into server device 128 to access informa-
tion from data storage device 108. The credentials can be
stored within data storage device 108 (see, FIG. 17, block
1712) prior to granting access to data stored within data
storage device 108. Starting a panel data inquiry process (see
2306 1n FIG. 23) can include launching the capture applica-
tion. The capture application can comprise an application,
such as an Android application executable using the Android
platform and downloadable a source of applications referred
to as Google play from Google Inc. In alternative embodi-
ments, the capture application can be compatible for use with
devices manufactured by Apple Inc. of Cupertino, Calif., such
as an 1Pad mini, an IPad or an IPhone 3, or tablet devices
configured to execute software produced by Microsoit Cor-
poration ol Redmond, Wash.

Next, block 1504 includes capturing, using the capture
device, a 2D matrix code associated with a panel component.
FIG. 6 shows an image 600 illustrating an example of captur-
ing a 2D matrix code. As shown 1n FIG. 6, a capture device
602, arranged as or within a tablet computing device, 1s used
to capture a 2D matrix code 604 for a transformer (an example
panel component), and a display device 606 of capture device
602 displaying an 1image of 2D matrix code 604. F1G. 7 shows
an 1mage 700 illustrating an example of an 1image 702 of 2D
matrix code 604, a numerical identifier 704 1dentified from
2D matrix code 604, and text 706 indicating the type of 2D
matrix code captured using capture device 602.

Similarly, FIG. 8 shows an image 800 illustrating an
example of capturing a 2D matrix code from wire labels 810
associated with conductors connected to a terminal block
814, and terminal blocks 812 and 814. As shown 1n FIG. 8, a
capture device 802, arranged as or within a smart-phone
device, 1s used to capture a 2D matrix code from the wire tags
810, a display device 818 of capture device 802 displaying an
image of 2D matrix codes 804, 806, and 808. Capture device
802 can be configured to select one of 2D matrix codes 804,
806, and 808 for decoding.

Next, block 1506 includes decoding, by the capture device,
the 2D matrix code to recovered data encoded within the 2D
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matrix code. Decoding the 2D matrix code can comprise
processor 104 executing program instructions of CRPI 125 to
decode the 2D matrix code. In one respect, decoding the 2D
matrix code can occur automatically in response to capturing,
of the 2D matrnix code. In another respect, decoding the 2D
matrix code can occur 1n response to user interface device 110
being used to enter a selection to decode the 2D matrix code.
Other examples of events that trigger decoding the 2D matrix
code are also possible. FIG. 10 shows an example screen shot
1000 displayable by a display device of capture device 802
alter recovering the encoded data. The encoded data can
include a uniform resource locator (URL) 1002 from which
panel component information, associated with the 2D matrix
code, can be retrieved. Screen shot 1000 includes an image of
the captured 2D matrix code.

Next, block 1508 includes providing for, by the capture
device, display of information selectors based on the recov-
ered data. Providing for display of the information selectors
can comprise processor 104 executing program instructions
of CRPI 125 to cause a display device of user interface device
110 to display the information selectors, or to cause commu-
nication device 112 to transmit the information selectors to
local device 130 for display of the information selectors at a
display device of local device 130. In FIG. 23, providing for
display of the information selectors can include the functions
of blocks 2312 and 2314.

FIG. 9 shows an image 900 1llustrating an example display
device 820 of capture device 802 displaying information
selectors 822 associated with a captured 2D matrix code 818.
Information selectors 822 can comprise one or more selectors
that are selectable to trigger sending a request for information
associated with the selected information selector. As an
example, one of the information selectors 822 can comprise a
web-search 1con selectable to search for information using,
server 128 or data storage device 108. See, FIG. 23, block
2316 for retrieval and display of information selectors from a
remotely-located data storage device 108, and block 2318 for
retrieval and display of information selectors from a locally-
located data storage device 108. See, FI1G. 23, block 2320 that
Auto selects either with block 2316 the Remote DSD (108) or
with block 2318 the Local DSD (108) for selected informa-
tion retrieval. F1G. 2322 1s the manual selection of the display
device either Print with block 2326 or User Interface display
with block 2324,

Next, block 1510 includes recerving, by the capture device,
a selected information selector. Receiving the selected infor-
mation selector (1.e., one or more information selectors) can
comprise user interface device 110 receiving a selection of the
information selector. User interface device 110 can receive
the selection using 1ts touch screen display, for example.
Receiving the mnformation selector can occur in different
ways such as receiving the information selector selection
using a speech recognizer of capture device 802 or using a
selector device, such as a mouse, at local device 130.

Next, block 1512 includes transmitting, from the capture
device, the selected imnformation selector. Transmitting the
selected information selector can comprise transmitting the
information selector to network 116 using the wired commu-
nication link 118 or the wireless communication link 120 for
transmission, in turn, to data storage device 108 or server
device 128.

Next, block 1514 includes recerving, using the capture
device, information associated with the selected information
selector. Recerving the information associated with the
selected information selector can comprise communication
device 112 recerving information that 1s transmitted over
network 116. In that regard, recerving the information asso-
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ciated with the selected information selector can include
receiving the mmformation using wired communication link

118 or wireless communication link 120. Upon, during, or
alter recerving the information associated with the selected
information selector, communication device 112 can transmit
the recerved information to one or more elements of capture
device 112, such as processor 104, data storage device 106, or
user mtertace device 110.

Next, block 1516 includes providing for, using the capture
device, presentation of the information associated with the
selected information selector. As an example, providing for
presentation of the mformation can include processor 104
executing program 1nstructions of CRPI 1235 to cause a dis-
play device of user interface device 110 to display the infor-
mation. FIG. 12 shows an example display screen 1200
including example data from a data record retrieved from data
storage device 108. As shown 1n FIG. 12, the displayed data
can include wire colors, wire numbers, wire sizes, wire
(cable) types, cabinet (panel) origination, and cabinet (panel )
destination. FIG. 13 shows an example display screen 1300
including an example electrical schematic drawing retrieved
from data storage device 108.

Additionally or alternatively, providing for presentation of
the information can include processor 104 executing program
instructions of CRPI 125 to cause communication device 112
to transmit the information to local device 130 via wireless
communication link 132 or wired communication link 134.
FIG. 23 shows an example 1n which the local device 130 can
comprise a printer 2302 to print the information, such as a
wiring drawing, or a laptop or table computing device 2304 to
display the information, such as the wiring drawing. Addi-
tionally or alternatively, server device 128 can be arranged to
send the information, such as the wiring drawing, directly to
local device 130.

For the end-of-life stage referred to above, data storage
device 108 can include panel control information regarding
proper disposal procedures or requirements or recycling
information, procedures or requirements. A capture device
can retrieve the end-of-life stage information by capturing the
2D matrix code associated with the panel component and
selecting an information selector associated with end-of-life
stage information.

XI. Additional Example Embodiments

This section of the detailed description includes multiple
enumerated examples.

1. A method comprising (1) capturing, by a capture device,
a 2D matrix code positioned on a tag or wire label attached to
a signal conductor or panel component, (i11) decoding, by the
capture device, the 2D matrix code to recover data encoded
within the 2D matrix code, (111) transmitting, from the capture
device, at least a portion of the recovered data, and (1v) receiv-
ing, by the capture device, data that 1s associated with the
signal conductor or communication instrument to which the
tag 1s attached.

2. The method of example 1, wherein the 2D matrix code 1s
ctched nto the first tag.

3. The method of example 1, wherein the tag comprises a
wire label.

4.’ The method of example 1, wherein the 2D matrix code 1s
printed on an adhesive material atfixed to the signal conductor
or panel component.

5. The method of example 1, wherein the capture device
comprises a smart-phone or a tablet computing device.

6. The method of example 1, wherein the 2D matrix code
comprises a quick response (QR) code.
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7. The method of example 1, wherein the at least a portion
of the recovered data comprises a uniform resource locator
for information stored at a data storage device.

8. A method comprising: (1) receiving, by a server device
from a capture device that captured a first 2D matrix code
associated with a first panel component, at least a portion of
data encoded within the first 2D matrix code, (11) retrieving,
by the server device, data that 1s associated with the first panel
component, and (111) transmitting, from the server device to
the capture device, the data associated with the first panel
component.

9. The method of example 8, wherein the data associated
with the first panel component comprises an operation
manual, an electrical wiring schematic, a product specifica-
tion, a test plan, a video file, or an audio file.

10. The method of example 8, wherein the data associated
with the first panel component comprise data that replaced
obsolete data associated with the first panel component.

11. A method comprising: (1) capturing, using a capture
device, a first 2D matrix code associated with a first panel
component; (11) capturing, using the capture device, a second
2D matrix code associated with a second panel component,
(111) providing for, using the capture device, comparison of the
first 2D matrix code and the second 2D matrix code, and (1v)
outputting, using the capture device, a first indication 1t a

result of the comparison 1s that the first 2D matrnix code
matches the second 2D matrix code or a second indication 1
the result of the comparison 1s that the first 2D matrix code
does not match the second 2D matrix code.

12. The method of example 11, wherein providing for the
comparison of the first 2D matrix code and the second 2D
matrix code comprises comparing at least a portion of data

encoded within the first 2D matrix code to at least a portion of
data encoded within the second 2D matrix code.

13. The method of example 11 or 12,
wherein the {first panel component comprises a conductor
configured for connecting directly to a terminal block within
a panel, and
wherein the second panel component comprises a panel com-
ponent other than a conductor configured for connecting
directly to a terminal block within a panel.

14. The method of example 11, further comprising:
transmitting, using the capture device, data indicating the
result of the comparison to network for transmission to a
server device or a data storage device.

15. The method of example 11, wherein each of the first 2D
matrix code and the second 2D matrix code 1s a static 2D
matrix code.

16. The method of example 11, further comprising:
executing, using the capture device, a test plan for a panel to
which the first panel component and the second panel com-
ponent are to be attached, wherein executing the test plan
causes the capture device to provide a prompt for testing
connection of the first panel component of the second panel
component.

17. The method of example 16, further comprising:
capturing, using the capture device, a 2D matrix code asso-
ciated with a major equipment matrix tag to confirm that the
test plan 1s correct for the panel being tested.

18. The method of example 11, wherein at least one of the
first 2D matrix code and the second 2D matrix code 1s printed
on a wire label or a wire tag.

19. The method of example 11, wherein at least one of the
first 2D matrix code and the second 2D matrix code 1s printed
on a terminal block wing configured for attaching to a termi-
nal block within a panel.
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20. The method of example 11, wherein at least one of the
first 2D matrix code and the second 2D matrix code 1s printed
on a panel component.

21. The method of example 11,
wherein capturing the first 2D matrix code associated with the
first panel component comprises capturing the first 2D matrix
code printed on a panel component label or tag, and
wherein capturing the second 2D matrix code associated with
the second panel component comprises capturing the first 2D
matrix code printed on a paper drawing.

22. The method of example 11,

wherein capturing the first 2D matrix code associated with
the first panel component comprises capturing the first 2D
matrix code etched onto a panel component label or tag, and
wherein capturing the second 2D matrix code associated with
the second panel component comprises capturing the first 2D
matrix code printed on a paper drawing.

23. A method comprising: (1) capturing, using a capture
device, a first 2D matrix code associated with a panel com-
ponent of a panel; (11) capturing, using the capture device, a
second 2D matrix code associated with a field device external
to the panel, (111) providing for, using the capture device,
comparison of the first 2D matrix code and the second 2D
matrix code, and (1v) outputting, using the capture device, a
first indication if a result of the comparison is that the first 2D
matrix code matches the second 2D matrix code or a second
indication 11 the result of the comparison 1s that the first 2D
matrix code does not match the second 2D matrix code.

24. A non-transitory computer-readable data storage
device comprising program instructions executable by a pro-
cessor to carry out the methods of any one of examples 1
through 23.

25. A device comprising the non-transitory computer-read-
able data storage device of example 24.

26. The device of claim 25, wherein the device comprises
a smart-phone or a tablet computing device.

XII. Additional Example Uses

A person having ordinary skill in the art will understand
that one or more of the example embodiments can be 1mple-
mented for components other than panel components of a
panel. For example, the use of 2D matrix codes can be applied
to conductors, termination points, such as power and cabling
outlets, and equipment used in hospitals, schools, manutac-
turing plants, and other structures so as to request and receive
data associated with those components.

XIII. Conclusion

Example embodiments have been described above. Those
skilled 1n the art will understand that changes and modifica-
tions can be made to the described embodiments without
departing from the true scope and spirit of the present inven-
tion, which 1s defined by the claims.

We claim:

1. A method comprising:

capturing, by a capture device, a first two-dimensional
matrix code located on a first panel component 1nstalled
within an electrical panel, and a second two-dimen-
stonal matrix code located on a second panel component
installed within the electrical panel, wherein the first
panel component 1s connected to the second panel com-
ponent;

decoding, by the capture device, the first two-dimensional
matrix code to recover data encoded within the first
two-dimensional matrix code, and the second two-di-
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mensional matrix code to recover data encoded within
the second two-dimensional matrix code;

transmitting, by the capture device to a server device, at

least a portion of the recovered data encoded within the
first two-dimensional matrix code and at least a portion
ol the recovered data encoded within the second two-
dimensional matrix code;

receiving, by the capture device from the server device, an

indication that connection of the first panel component
to the second panel component installed within the elec-
trical panel 1s a correct connection or 1s an incorrect
connection; and

displaying, by the capture device, the indication that con-

nection of the first panel component installed within the
clectrical panel to the second panel component installed
within the electrical panel 1s a correct connection or 1s an
incorrect connection.

2. The method of claim 1, wherein the capture device
comprises a tablet device, a smart-phone, or a personal digital
assistant.

3. The method of claim 1, wherein the first panel compo-
nent 1s selected from the group consisting of a signal conduc-
tor, an msulated wire, a coaxial or fiber optic cable, a com-
munication nstrument, a relay, a field device, and a variable
frequency drive.

4. The method of claam 3, wherein the first two-dimen-
sional matrix code 1s positioned on a first tag that 1s attached
to the first panel component.

5. The method of claim 4, wherein the first tag 1s attached
to the first panel component at a position substantially close to
a point of signal termination.

6. The method of claim 4, wherein the first two-dimen-
sional matrix code 1s printed onto the first tag.

7. The method of claim 4, wherein the first two-dimen-
sional matrix code 1s attached to the first tag using an adhe-
SIve.

8. A method comprising:

receiving, by a server device from a capture device, at least

a portion of data encoded within a first two-dimensional
matrix code located on a first panel component installed
within an electrical panel, and at least a portion of data
encoded within a second two-dimensional matrix code
located on a second panel component that 1s 1nstalled
within the electrical panel and that 1s connected to the
first panel component;

comparing, by the server device, the atleast a portion of the

data encoded within the first two-dimensional matrix
code located on the first panel component and the at least
a portion of the data encoded within the second two-
dimensional matrix code located on the second panel
component to determine whether connection of the first
panel component 1nstalled within the electrical panel to
the second panel component installed within the electri-
cal panel 1s a correct connection or 1s an 1correct con-
nection; and

providing, by the server device to the capture device, an

indication that connection of the first panel component
installed within the electrical panel to the second panel
component mstalled within the electrical panel 1s a cor-
rect connection or 1s an 1ncorrect connection.

9. The method of claim 8, further comprising;

retrieving, by the server device, data that 1s associated with

the first panel component,

wherein the data associated with the first panel component

comprises an operation manual, an electrical wiring
schematic, a product specification, a test plan, a video
file, or an audio file.
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10. The method of claim 8, further comprising:
retrieving, by the server device, data that 1s associated with
the first panel component,
wherein the data associated with the first panel component
comprise data that replaced obsolete data associated
with the first panel component.
11. The method of claim 4, wherein the two-dimensional
matrix code 1s etched 1nto the first tag.
12. The method of claim 4, wherein the tag comprises a
wire label.
13. The method of claim 8, wherein comparing the at least
a portion of the data encoded within the first two-dimensional
matrix code located on the first panel component and the at
least a portion of the data encoded within the second two-
dimensional matrix code located on the second panel com-
ponent includes comparing the at least a portion of the data
encoded within the first two-dimensional matrix code located
on the first panel component and the at least a portion of the
data encoded within the second two-dimensional matrix code
located on the second panel component to an electronic file
defining connection of the first panel component and the
second panel component.
14. The method of claim 8, wherein comparing the at least
a portion of the data encoded within the first two-dimensional
matrix code located on the first panel component and the at
least a portion of the data encoded within the second two-
dimensional matrix code located on the second panel com-
ponent includes comparing the at least a portion of the data
encoded within the first two-dimensional matrix code located
on the first panel component to the at least a portion of the data

encoded within the second two-dimensional matrix code
located on the second panel component.

15. The method of claim 8,

wherein the first panel component 1s a terminal block
including multiple terminal connectors, and

wherein the second panel component 1s a copper wire
conductor or a fiber optic cable.

16. The method of claim 1, further comprising:

presenting audibly, by the capture device, the indication
that connection of the first panel component 1nstalled
within the electrical panel to the second panel compo-
nent installed within the electrical panel 1s a correct
connection or 1s an mncorrect connection.

17. The method of claim 1, further comprising:

receving, by the capture device from the server device,
data associated with the first panel component; and

displaying, by the capture device, the data associated with
the first panel component,

wherein the data associated with first panel component
comprise an operation manual, an electrical wiring sche-
matic, a product specification, a test plan, a video file, or
an audio file.

18. The method of claim 1,

wherein the first panel component comprises an electrical
or optical conductor and a wire label or tube surrounding,
at least a portion of the electrical or optical conductor,
and

wherein the first two-dimensional matrix code 1s printed on
the wire label or tube.

19. The method of claim 1, turther comprising:

capturing, by the capture device, a two-dimensional matrix
code located on the electrical panel;

decoding, by the capture device, the two-dimensional
matrix code located on the electrical panel to recover
data encoded within the two-dimensional matrix code
located on the electrical panel;
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transmitting, by the capture device to the server device, at
least a portion of the recovered data encoded within the
two-dimensional matrix code located on the electrical
panel, wherein at least a portion of the recovered data
encoded within the two-dimensional matrix code
located on the electrical panel 1dentifies the electrical
panel; and

receiving, by the capture device from the server device,

data indicating the first panel component 1s used within
the electrical panel.

20. A machine comprising:

a computer-readable processor;

a display;

a communication device;

a capture component, and

a computer-readable data storage medium storing com-
puter-readable program instructions, that when executed
by the processor, cause a set of functions to be per-
formed, the set of functions comprising:

capturing, by the capture component, a {irst two-dimen-
stonal matrix code located on a first panel component
installed within an electrical panel, and a second two-
dimensional matrix code located on a second panel com-
ponent that 1s mstalled within the electrical panel and 1s
connected to the first panel component;
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decoding, by the processor, the first two-dimensional
matrix code to recover data encoded within the first
two-dimensional matrix code, and the second two-di-
mensional matrix code to recover data encoded within
the second two-dimensional matrix code;

transmitting, by the communication device to a server
device, at least a portion of the recovered data encoded
within the first two-dimensional matrix code and at least
a portion of the recovered data encoded within the sec-
ond two-dimensional matrix code;

receving, by the communication device from the server
device, an indication that connection of the first panel
component to the second panel component installed
within the electrical panel 1s a correct connection or 1s an
incorrect connection; and

displaying, by the display, the indication that connection of
the first panel component installed within the electrical
panel to the second panel component installed within the

clectrical panel 1s a correct connection or 1s an 1ncorrect
connection.

21. The machine of claim 20, wherein the machine includes

a tablet device, a smart-phone or a personal digital assistant.
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